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DETAILED ACTION 

This Office Action is in response to the Amendment filed on October 14, 2005. 



Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 1G3(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-3, 5, 7-10, 12, and 14 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Horikawa (US Pub 2002/0135030 A1) in view of Shirahata et al. (US 
6,525,380). 

In re claim 1 , Horikawa shows (fig. 1 ) a complementary field effect transistor 
comprising; a semiconductor substrate (2); an n-type field effect transistor (10) provided 
on the semiconductor substrate having: a first gate insulating film (14) containing an 
oxide (Ti02, Zr02, or HfOa) including an element selected from the group consisting 
group IV metals and Lanthanoid metals [0062-0063] (such as Ti, Zr, or Hf); a first gate 
electrode (15) provided on the first gate insulating film; and n-type source and drain 
regions (12, 13) formed on both sides of the first gate electrode; and p-type field effect 
transistor (30) provided on the semiconductor substrate having: a second gate 
insulating film (34) containing an oxide (TiOa, Zr02, or HfOa) including an element 
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selected from the group consisting group IV metals and Lanthanoid metals [0062-0063] 
(such as Ti, Zr, or Hf); a second gate electrode (35) provided on the second gate 
insulating film; p-type source and drain regions (32, 33) provided on both sides of the 
second gate electrode. Horikawa shows all of the elements of the claims except the first 
gate insulating film further containing boron and the second gate insulating film 
containing no boron. Shirahata et al. shows (fig. 15) a CMOS device having first and 
second gates. The first gate insulation film (5 on the right) contains boron to trap charge 
(14) within the insulator while the second gate insulation film (5 on the left) contains no 
boron (col. 7, line 61 -col. 8, line 4). With this configuration, a surface channel FET can 
be formed having a lower threshold voltage (Vth) (col. 8, lines 10-19). Therefore, it 
would have been obvious to one of ordinary skill in the art at the time the invention was 
made to modify the CMOS device of Horikawa by adding boron to the gate insulating 
film of one of the gates as taught by Shirahata to lower the threshold voltage of the 
device. 

In re claims 2 and 3, Horikawa discloses that [0057] a main component of the 
first gate electrode and a main component of the second gate electrode are the same 
and that the gate electrodes consist of one of Pt, Cu, Pd, Co, and W. 

In re claim 5, Horikawa discloses [0078-0080] that the first gate insulating film 
includes positive charge. 

In re claim 7, Horikawa discloses [0057] that the first gate electrode includes the 
group III element (Al). 
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In re claim 8, Horikawa et al. shows (fig. 1 ) a complementary field effect 
transistor comprising: semiconductor substrate (2); an n-type field effect transistor (10) 
provided on the semiconductor substrate having: a first gate insulating film (14) 
containing an oxide (Ti02, Zr02, or HfOa) including an element selected from the group 
consisting of group IV metals and Lanthanoid metals [0062-0063] (such as Ti, Zr, or Hf); 
a first gate electrode (15) provided on first gate insulating film; and n-type source and 
drain regions (12 and 13) formed on both sides of the first gate electrode; and a p-type 
field effect transistor (30) provided on the semiconductor substrate having; second gate 
insulating film (34) containing an oxide (Ti02, Zr02, or Hf02) including an element 
selected from the group consisting of group IV elements and Lanthanoid metals (such 
as Ti, Zr, or Hf); a second gate electrode (35) provided on the second gate insulating 
film; and p-type source and drain regions (32, 33) provided on both sides of the second 
gate electrode. Horikav\^a shows all of the elements of the claims except the first gate 
insulating film further containing no boron and the second gate insulating film containing 
boron. Shirahata et al. shows (fig. 15) a CMOS device having first and second gates. 
The first gate insulation film (5 on the right) contains boron to trap charge (14) within the 
insulator while the second gate insulation film (5 on the left) contains no boron (col. 7, 
line 61 -col. 8, line 4). With this configuration, a surface channel FET can be formed 
having a lower threshold voltage (Vth) (col. 8, lines 10-19). Therefore, it would have 
been obvious to one of ordinary skill in the art at the time the invention was made to 
modify the CMOS device of Horikawa by adding boron to the gate insulating film of one 
of the gates as taught by Shirahata to lower the threshold voltage of the device. 
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In re claims 9 and 1 0, Horikawa discloses that [0057] a main component of the 
first gate electrode and a main component of the second gate electrode are the same 
and that the gate electrodes consist of one of Pt, Cu, Pd, Co, and W. 

In re claim 12, Horikawa discloses [0078-0080] that the second gate insulating 
film includes negative charge. 

In re claim 14, Horikawa discloses [0057] that the second gate electrode includes 
the group V element or aluminum. 

Claims 4, 6, 1 1, and 13 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Horikawa (US Pub 2002/0135030 A1 ) in view of Shirahata et al. (US 
6,525,380)as applied to claims 1, 5, 8, and 12 above, and further in view of Wallace et 
al. (US 6,020,243). 

In re claims 4, 6, 11, and 1 3, Horikawa and Shirahata show all of the elements of 
the claims except the concentration of the compound, and the positive or negative 
charge in the first or second gate insulating film is higher on side of the first gate 
electrode than on a side of the semiconductor substrate. Wallace et al. discloses (col. 
2, lines 27-60) a high-k dielectric of zirconium or hafnium silicon oxynitride where most 
of the metal dopant is deposited in the upper surface of the oxide and near the gate 
electrode to employ primarily Si/SiO bonding at the silicon surface with resulting low 
interface state densities. Therefore, it would have been obvious to one of ordinary skill 
in the art at the time the invention was made to modify the gate insulating film of 
Horikawa in view of Shirahata by primarily doping the upper portions of the gate 
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insulating film on the side of the gate electrode as taught by Wallace to form the gate 
insulating film having low interface state densities and good bonding with the substrate 
surface. 

Response to Arguments 

Applicant's arguments with respect to claims 1-14 have been considered but are 
moot in view of the new ground(s) of rejection. 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Koyama et al. (US Pub. 2003/0122199 A1) discloses CMOS 
devices having metallic compounds that include boron and are formed in the gate 
structure. King et al. (US 6,680,245 B1) discloses that boron is added to gate oxide to 
trap charges. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Matthew E. Warren whose telephone number is (571) 
272-1737. The examiner can normally be reached on Mon-Thur and alternating Fri 
9:00-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Kenneth Parker can be reached on (571) 272-2298. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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